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DETAILED ACTION 

Claim Rejections - 35 USC §103 

1. The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

2. Claims 1, 5, 10, 1 1, 29, and 36 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Okada et al., USPN 5,673,061, in view of Matsueda et al. USPN 6,380,917 B2. 

Claim 1 

Okada teaches a display device with an active matrix circuit comprising a plurality of 
pixel TFTs over a substrate. Okada, col. 1, lines 21 - 34; col. 9, lines 34 - 35, 57 - 58; and 
figure 1. A source driver [data driver 102] and a gate driver [scanning driver 103] drive the 
active matrix circuit. Okada, col. 9, lines 51-60; and figure 1. 

Okada teaches that n bit information out of m bit digital video data inputted from an 
external is used for a voltage gray scale method, Vq, Vg, Vjg, V24, V32, V40 V48, V56, and 
v 64; (m-n) bit information is used for a time ratio gray scale method, to - tj. Okada, col. 11, 
lines 33 - 37; col. 12, lines 14 - 16; and figure 6. In the example given, m equals 12, n equals 
8. Thus, both m and the n are integers equal to or larger than 2. It is inherent that m>n if (m-n) 
bit information is used for a time ratio gray scale method. 

Okada does not teach an D/A converter. 

Matsueda teaches a driving circuit and method for an electro-optical device such as a 
liquid crystal display. The device includes a D/A converter. Matsueda, col. 1, lines 10-19. 
Matsueda teaches that the D/A converter inputs and outputs a high voltage [maximum applied 
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voltage] and low voltage [minimum applied voltage]. Matsueda, col. 4, lines 25-45; col. 18, 
line 28 - col. 19, line 3; and figures 4 & 5. Matsueda also teaches an gray scale of 2^ steps 
where N is a natural number. Matsueda, col 2, line 66 - col. 3, line 30. It is inherent that each 

step of such gray scale would be (VH - VL)/ 2 N where VH is the high voltage and VL is the low 
voltage input into the D/A converter. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
to combine the D/A converter as taught by Matsueda with the display device as taught by Okada 
to produce a driving circuit that is compatible with digital signal images and has a relatively 
simple and small-scale circuit. Matsueda, col. 2, lines 58-65; col. 26, line 39 - col. 27, line 3. 

Claim 5 

Okada does not specifically teach an image gray scale of (2 m -(2 m ~ n -l)) patterns. 

Okada teaches that patterns that between the specified pair of gray-scale voltages, (2Y -1) 
intermediate voltages can be obtained. Therefore, the number of obtainable intermediate voltage 
is 2 X (2Y - 1), where x plus y equals the number of bits, with x the number of upper bits and y the 
number of lower bits. Okada, col. 15, line 51 - col. 16, line 33; col. 24, line 50 - 65. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
to use the formula of Okada to obtain the same results as obtained by the formula (2 m -(2 m - n -l)). 
But definition, x equals m - n; y equals n. Thus, for m = 6 and n = 3, according to the claim 5 
the image gray scale has 57 patterns. According to Okada, the number of intermediate voltages 
is 56. However, the Okada formula excludes the zero or black value of 000000. If the black 
value is added to Okada, the image gray scale has 56 plus 1 for 57 patterns. For m = 5 and n = 2, 
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according to claim 5 the image gray scale has 25 patterns. According to Okada, the number of 
intermediate voltages is 24 plus the black value of 1 for 25 patterns. 

The claim 5 formula can be derived from the Okada formula as follows. 

According to Okada, the number of obtainable intermediate voltages is 2 X (2Y - 1). 

Thus, the number of image gray scale patterns with the black value is 2 X (2Y - 1) + 1. 
Since x = m - n and y = n, then 

2 X (2y - 1) + 1 = 2 m " n (2 n - 1) + 1 = 2 m " n+n - 2 m ~ n + 1 = 2 m - 2 m ' n + 1 = 2 m -(2 m - n -l) 
Therefore, the claim 5 formula is identical to the Okada formula. 

Claims 10 and 29 
Okada does not specifically teach that m is 8 and n is 2. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 

to create the display device of Okada where m is 8 and n is 2. Okada invites such teaching, 

In the driving circuit in Example 1 described above, a pair of gray-scale 
voltages are specified from the plurality of gray-scale voltages, based on the 
upper three bits D5, D4, and D3 of the 6-bit video data Oq, D\ 9 D2, D3, D4, and 
D5. A pair of analog switches corresponding to the specified pair of gray-scale 
voltages are driven at a duty ratio corresponding to the lower three bits D2, Dj, 
and Dq. However, the invention is not limited to this manner. 

Okada, col. 15, lines 43 - 50. 

In this example, the number of the oscillating signals to - X4 has been 
assumed to be equal to the number of lower bits (i.e., 5) used for specifying the 
oscillating signal T of the 8-bit video data. However, the invention is not limited 
to this specific case. For example, some of the oscillating signals to - 14 can be 
omitted, because the omitted oscillating signal(s) can be generated by repeatedly 
using the remaining oscillating signals. Also, the duty ratio of the oscillating 
signal is not limited to the above-described example. 



Okada, col. 21, lines 33-41. 
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Claims 11 and 36 

Okada teaches, in an example, that m is 12 and n is 4. Okada, col. 2, line 37 - col. 3, line 
20; and figures 22 and 23. 

3. Claims 2, 6, 26, 30, 33, and 37 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Okada et al. in view of Matsueda et al. as applied to claim 1 above, and further in view of 
Yasunishi, USPN 6,094,243. 

Claim 2 

Claim 2 describes a display device similar to claim 1 but adds that one frame image 

comprises 2 m ~ n subframes. Although Okada does not specifically state this formula, it uses the 
formula to determine the number of required gray-scale voltages. Okada, col. 2, lines 15-22. 

Neither Matsueda nor Okada specifically describe k subframes having 2^ levels. 

Yasunishi teaches dividing a period T into k subframes with 2^ levels. Yasunishi, col. 8, 
lines 44 - 67. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 

to combine k subframes with 2 k levels with the display device of Okada to produce a display 

device that has each frame image comprising 2 m_n subframes. Yasunishi invites such 
combination by teaching, 

There are provided subframes of a number greater than the bit length of - 
data (i.e., the number of gray-scale bits) which represent the gray-scale levels of 
input image data. A period and a voltage value are set independently for each 
subframe, whereby a certain number of gray-scale levels can be effected with a 
lesser number of subframes as compared to the conventional frame modulation 
method. Moreover, by setting the period and the voltage value independently for 
each subframe, it is possible to avoid the reduction in the minimum pulse width 
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which would occur in the conventional pulse width modulation method as the 
number of gray-scale levels increases. As a result, flickers in the displayed images 
and the display non-uniformity caused by the waveform distortion can be 
suppressed. 

Furthermore, image data for one frame is processed as binary display data 
which is set independently for each subframe. Therefore, it is possible to 
eliminate the complicated large-scale arithmetic circuit for performing square- 
sum calculation and square-root extraction, and a high-precision liquid crystal 
driver for outputting the analog voltage amplitude, which are required in the 
conventional amplitude modulation method. 

Furthermore, by setting a voltage amplitude independently for each 
subframe, it is possible to construct a display device most suitable for the 
response performance of the liquid crystal panel and the voltage endurance of the 
liquid crystal driver. 

Thus, the invention described herein makes possible the advantages of: (1) 
providing a liquid crystal display device capable of conducting a gray-scale 
display while suppressing flickers in the displayed images which would occur in 
the frame modulation method and suppressing the display non-uniformity which 
would occur in the pulse width modulation method, without increasing the circuit 
scale so significantly as in the amplitude modulation method; and (2) providing a 
method for driving such a liquid crystal display device. 

Yasunishi, col. 6, line 52 - col. 7, line 21 . 

Claim 6 

Claim 6 describes a display device similar to claim 2 but adds that an image is displayed 
by an image gray scale of (2 m -(2 m ' n - 1 )) patterns. As discussed in the response to claim 5 
above, the Okada formula is the same as the (2 m -(2 m_n - 1 )) pattern. 

Claims 26 and 30 

Okada does not specifically teach that m is 8 and n is 2. For the reasons stated in the 
rejections of claims 10 and 29 above, it would have been obvious to one of ordinary skill in the 
art at the time of the invention to create the display device of Okada where m is 8 and n is 2. 
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Claims 33 and 37 

Okada teaches, in an example, that m is 12 and n is 4. Okada, col. 2, line 37 - col. 3, line 
20; and figures 22 and 23. 

4. Claims 3, 4, 8, 27, 28, 32, 34, 35, and 39 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Okada et al., Matsueda et al., and Yasunishi, as applied to claim 2 above, and 
further in view of Yamazaki et al., USPN 6,335,716 Bl. 

Claims 3 and 4 

Claims 3 and 4 describes a display device similar to claim 2 but adds that the active 
matrix circuit, the drivers, and the converter circuit are formed over a substrate. 

Okada specifically teaches that active matrix circuits and drivers are formed over a 
substrate. Although it is obvious, perhaps inherent, that the converter circuit of Okada would be 
formed over the same substrate, Okada does not specifically state such. 

Yamazaki et al. teaches that all circuits for a display device formed over the same 
substrate. Yamazaki, col. 3, lines 38 - 50. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
to form all circuits on the same substrate as taught by YamazakMncluding all the circuits taught 
by Okada et al., Matsueda, and Yasunishi because it is easier and cheaper to manufacture and the 
display would require less space. 
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Claim 8 

Claim 8 describes a display device similar to claim 2 but adds that an image is displayed 
by an image gray scale of (2 m -(2 m - n -l)) patterns. As discussed in the response to claim 5 
above, the Okada formula is the same as the (2 m -(2 m_n -l)) pattern. 

Claims 27, 28 and 32 
Okada does not specifically teach that m is 8 and n is 2. For the reasons stated in the 
rejections of claims 10 and 29 above, it would have been obvious to one of ordinary skill in the 
art at the time of the invention to create the display device of Okada where m is 8 and n is 2. 

Claims 34, 35, and 39 

Okada teaches, in an example, that m is 12 and n is 4. Okada, col. 2, line 37 - col. 3, line 
20; and figures 22 and 23. 

5. Claims 7, 31, and 38 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Okada et al. in view of Matsueda et al. as applied to claim 1 above, and further in view of 
Yamazaki et al. 

Claim 7 

Claim 7 describes a display device similar to claim 2 but adds that all circuits are formed 
on the same substrate and that an image is displayed by an image gray scale of (2 m -(2 m " n -l)) 
patterns. As discussed in the response to claim 5 above, the Okada formula is the same as the 
(2 m -(2m-iM)) pattern. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
to form all circuits on the same substrate as taught by Yamazaki including all the circuits taught 
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by Okada et al. and Matsueda because it is easier and cheaper to manufacture and the display 
would require less space. 

Claim 31 

Okada does not specifically teach that m is 8 and n is 2. For the reasons stated in the 
rejections of claims 10 and 29 above, it would have been obvious to one of ordinary skill in the 
art at the time of the invention to create the display device of Okada where m is 8 and n is 2. 

Claims 38 

Okada teaches, in an example, that m is 12 and n is 4. Okada, col. 2, line 37 - col. 3, line 
20; and figures 22 and 23. 

6. Claims 12 - 17, 40 - 74, 76 - 82, and 89- 152 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Yamazaki et al., or Holmes et al., USPN 3,792,919, or Kimura, USPN 
5,610,741, or Munyan, USPN 5,761,485, or Stambolic et al., USPN 5,893,798, or Kleinschmidt 
et al., USPN 6,085,1 12, or Sato, USPN 6,167,208, or Yun et al., USPN 5,835,139, in view of 
Okada et al. and Matsueda et al. as applied to claim 1 or 5 above, or of Okada et al, Matsueda et 
al., and Yasunishi as applied to claim 2 or 6 above, or of Okada et al, Matsueda et al., Yasunishi, 
and Yamazaki as applied to claim 3, 4 or claim 8 above, or of Okada et al., Matsueda, and 
Yamazaki as applied to claim 7 above. 

Claims 12 - 17, 40 - 74, 76 - 82, and 89 - 152 
As to claims 12, 40 - 46, Yamazaki teaches a rear projector comprising three display 
devices Yamazaki, col. 16, lines 1 - 25; and figure 11. As to claims 13, 47 - 53, Yamazaki 
teaches a front projector comprising three display devices. Yamazaki, col. 15, lines 32 - 56; and 
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figure 10. As to claims 14, 54 - 60, Holmes teaches a single plate type rear projector. Holmes, 
col. 8, lines 48 - 58. As to claims 15, 61 - 67, Yamazaki teaches a goggle type display 
comprising two display devices. Yamazaki, col. 26, lines 38-40; and figure 22D. As to claims 
16, 68 - 74, Kimura teaches a display for portable information terminal. Kimura, col. 1, lines 1 1 
- 16. As to claims 17, 76 - 82, Yun et al., teaches a notebook type personal computer. Yun, col. 
1, lines 49 - 52; and figure 9. As to claims 89 - 96, Yamazaki teaches a mobile telephone. 
Yamazaki, col. 26, lines 26 - 29. As to claims 97 - 104, Yamazaki teaches a video camera. 
Yamazaki, col. 26, lines 29 - 33; and figure 22B. As to claims 105 - 1 12, Yamazaki teaches a 
mobile computer. Yamazaki, col. 26, lines 34 - 37; and figure 22C. As to claims 1 13 - 120, 
Munyan teaches a portable electric book. Munyan, col. 1, lines 56 - 57. As to claims 121 - 128, 
Kimura teaches a personal computer. Kimura, col. 1, lines 11-16. As to claims 129 - 136, 
Stambolic et al. teaches a electronic game device. Stambolic, col. 1, lines 9-10. As to claims 
137- 144, Kleinschmidt teaches an image reproduction device. Kleinschmidt, col. 5, lines 58 - 
61. As to claims 145 - 152, Sato teaches a digital camera. Sato, col. 1, lines 7-10. 

None of these patents specifically teach the display device of Okada. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 

to use the display device of Okada for these generally small appliances. Okada teaches, 

Accordingly, it is unnecessary to provide an additional driving circuit 
depending on the cases where the driving circuit directly outputs one of the 
plurality of gray-scale voltages and where the driving circuit alternately outputs 
the specified pair of gray-scale voltages. As a result, it is possible to simplify the 
configuration of the driving circuit, and the size of the driving circuit can be 
minimized. 

Thus, the invention described herein makes possible the advantage of 
providing a driving circuit for a display apparatus, which has a simplified and 
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small construction, and which can display an image with multiple gray scales in 
accordance with multi-bit video data. 

Okada, col. 7, line 59 - col. 8, line 3. 

7. Claims 9 and 19-25 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Okada et al. and Matsueda et al. as applied to claim 1 or 5 above, or of Okada et al., Matsueda et 
al, and Yasunishi as applied to claim 2 or 6 above, or of Okada et al, Matsueda et al., Yasunishi, 
and Yamazaki as applied to claim 3, 4 or claim 8 above, or of Okada et al, Matsueda et al., and 
Yamazaki as applied to claim 7 above, and further in view of Wu et al., USPN 6,245,256 Bl. 

Claims 9 and 19 - 25 

Okada does not teach thresholdless antiferroelectric mixed liquid crystal. 

Wu teaches thresholdless antiferroelectric mixed liquid crystal indicating electro-optical 
characteristic of V-shape. Wu, col. 3, lines 2 -25; and figure 12. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 
to combine the antiferroelectric mixed liquid crystal of Wu with the display device of Okada. 
Wu teaches, 

According to Inui's report, when the mixing ratio of 1:11:111=40:40:20, no Efa 
value is found, and its field-induced antiferroelectric to ferroelectric switching 
shows a V-shaped switching (see FIG. 12). Inui give the name of "Thresholdless 
antiferroelectric liquid crystals; TLAFLCs" to this antiferroelectric liquid crystal 
mixture. These thresholdless antiferroelectric liquid crystals have the following 
properties: 

(1) Great tilt angle (>35. degree.); 

(2) Low driving voltage (<2V/jim -1 ); 

(3) Ideal gray scale; 
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(4) Fast antiferroelectric to ferroelectric switching time (<50.mu.s); 

(5) High contrast value (>1 00); and 

(6) Broad viewing angle (>60.degree.). 

The aforesaid properties eliminate the gray scale problem occurred during 
the fabrication of a passive matrix addressing (PM) surface stable ferroelectric 
liquid crystal display, and also improve the drawback of being difficult to obtain a 
high contrast ratio commonly existed in regular active matrix (AM) or thin film 
transistor (TFT) addressing type deformed-helix ferroelectric liquid crystal 
displays and passive matrix addressing type antiferroelectric liquid crystal 
displays. 

Wu, col. 3, lines 2 -25. 



8. Claims 18, 84 - 88, and 153 are rejected under 35 U.S.C. 103(a) as being unpatentable 
Okada et al. and Matsueda et al. as applied to claim 1 or 5 above, or of Okada et al., Matsueda et 
al., and Yasunishi as applied to claim 2 or 6 above, or of Okada et al., Matsueda et al., Yasunishi, 
and Yamazaki as applied to claim 3, 4 or claim 8 above, or of Okada et al, Matsueda et al., and 
Yamazaki as applied to claim 7 above, and further in view of Bhargava, USPN 5,455,489. 

Claims 18, 83-88, and 153 
Okada does not teach an EL display. 

Bhargava teaches an EL display. Bhargava, col. 9, lines 46 - 64. 

It would have been obvious to one of ordinary skill in the art at the time of the invention 

to combine the EL display of Bhargava with the display device of Okada. Bhargava teaches, 

Today, EL displays offer unique properties such as flat-slim and high 
contrast but suffer from (1) poor efficiency, (2) limited color availability and 
control, (3) lack of gray scale, and (4) expensive drives for high voltage operation. 

As will be clear from the foregoing exposition, an EL display whose 
phosphor layer comprises a DNC particle layer will exhibit higher efficiency, 
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improved gray scale, and due again to its tiny sized particles will operate at low 
voltages. 

Bhargava, col. 9, line 60 - col. 10, line 2. This is especially true in light of Okada's invitation. 

Thus, the invention described herein makes possible the advantage of 
providing a driving circuit for a display apparatus, which has a simplified and 
small construction, and which can display an image with multiple gray scales in 
accordance with multi-bit video data. 

Okada, col. 7, line 66 - col. 8, line 3. 

Response to Arguments 

9. Applicant's arguments with respect to claims 1-74 and 76- 153 have been considered 
but are moot in view of the new ground(s) of rejection. 

Conclusion 

10. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is hot mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
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however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 

1 1 . Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Leland R. Jorgensen whose telephone number is 703-305-2650. 
The examiner can normally be reached on Monday through Friday, 7:00 a.m. through 3:30 p.m.. 

The fax phone number for the organization where this application or proceeding is 
assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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